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(54) Improvements in and relating to semiconductor devices 

(57) A semiconductor device (and method of manu- ' ' I v 

facturing thereof) having metal leads (114+130) with 
improved reliability, comprising metal leads (114+130) 
on a substrate 112, a low-dielectric constant material 
(116) at least between the metal leads (114+130), and 
dummy vias (122+134) in contact with the metal leads 
(114+1 30). Heat from the metal leads (1 14+1 30) is trans- 
ferable to the dummy vias (122+134), and , the dummy ... 
vias (122+1 34) are capable of conducting away the heat. 
The low-dielectric constant material (116) may have, a r . 
dielectric constant of less than about 3.5, An advantage,: . 
of the invention is to improve reliability.of metal leads in 
circuits using low-dielectric constant materials, espe-,.< 
cially in scaled-down circuits that are compact in the hbr; 
izontal direction. J..' V . 
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Description 

Field of the Invention 

5 This invention relates generally to the fabrication of semiconductor devices, and more specifically to semiconductors 

with submicron spacing (where the conductor width and the conductor-to-conductor spacing are both less than one 
micron) and low-dielectric constant materials between intermetallic leads. 

Background of the Invention 
w • 

Semiconductors are widely used in integrated circuits for electronic applications, including radios and televisions. 
Such integrated circuits typically use multiple transistors fabricated in single crystal silicon. Many integrated circuits now 
contain multiple levels of metallization for interconnections. , , : . " 

Semiconductor devices are being scaled down in the horizontal (dimension ,to reduce wafer cost by obtaining more 
f 5 chips per wafer or by increasing circuit complexity by obtaining more.transistors per chip. Although semiconductor devices 
are being scaled down in the horizontal dimension,;semiconductor devices are not generally being scaled down in the 
vertical dimension (because the current density would exceed reliabilityl.imits)^; thus. cbhcluctors may have a high aspect 
ratio (ratio of conductor height to conductor width of greater 'than one): .With horizontal scaling, these tall metal leads 
are being packed closer and closer together, causing capacitive coupling between 'the leads to become the primary 
20 limitation to circuit speed. If line-torline capacitance is high, a likelihood for electrical inefficiencies and inaccuracies 
exist. Reducing the capacitance within these multi-level metallization systems will reduce the RC time constant between 
the lines. 

Typically, the material used to isolate metal lines from each other is silicon dioxide. However, the dielectric constant 
of dense silicon oxide grown by thermal oxidation or chemical vapor- deposition is on the order of 3.9. The dielectric 
25 constant is based on a scale where 1 .0 represents the dielectric constant of a vacuum. Various materials exhibit dielectric 
constants from very near 1.0 to values in the hundreds. 

Summary of the Invention ' " ; - '; 

30 Recently, attempts have been made to use low-dielectric cpnstanrifTiaterials tdreplace silicon dioxide as a dielectric 
material. The use of low-dielectric constant materials as insulating layers refduces the capacitance between the conduc- 
tors (or metal leads), thus reducing the RC timeconstent. It has been fpUndjhat dielectric constants 
less than about 3.5 sufficiently reduces the RC time constant in typicarsufimicron circuits; As used herein, the term low- 
dielectric will refer to a material with adielectric constant of less ^thkn'ab^ut 3f^* ■ 

35 One problem herein is that the decreased thermal .condudiy^ materials, especially in 

circuits with high aspect ratiometalleads, may result in, meta^ effects of Joule's heat. The 

present invention solves this problem by improving the thermal, conductiv/ty bCthe stru resulting in improved reli- 
ability of conductors in structures using low-dielectric constant materials:. ' ; "* ; ' 

According to the present invention there is provided a method for forming conductors on a semiconductor device 

40 comprising, forming a conductor on a substrate, depositing a low-di elective layer over the conductor, and forming a 
dummy via in contact with said conductor, wherein heat fronvsaid conductor is transferable to said dummy via and 
conducted away from said conductor. 

The present invention encompasses a semiconductor device structure (and method for manufacturing thereof) hav- 
ing conductors with improved reliability, comprising conductor on a substrate, a low-dielectric constant material between 

45 the conductors, and dummy vias in contact with the conductors. Heat from the conductors is transferable to the dummy 
vias, which are capable of thermally conducting the heat away from the conductors. The low-dielectric constant material 
has a dielectric constant of less than about 3.5. An advantage of the, invention is improved reliability of conductors for 
circuits using low-dielectric constant materials. , : 

Another embodiment of a method according to the present inventioh;Comprises depositing an interconnect layer on 

so a substrate, etching the interconnect layer jn.a predetermined pattern to form conductors, depositing a low-dielectric 
constant material between the conductors, depositing an insulating layer over.the low-dielectric constant material and 
the tops of the conductors, etching the.insulating layer to leave channels : in the jnsulating layer abutting the tops of the 
conductors, and depositing a metal layer over, the insulating layer to lill.'the' channels and form dummy vias in contact 
with the tops of the conductors. , , t, ( . yr'-;vV ;J" t 

55 According to a further embodiment of the present invention there* is prpvideci a semiconductor device comprising a 
conductor formed on a substrate, a dummy via in contact with ^id 'conductor, wherein heat from said conductor is 
transferable to said dummy via, and said dummy via is capable of conducting heat away from said conductor. 

Another embodiment of the invention is a semiconductor device conductors with improved reliability, comprising a 
substrate, conductors on the substrate, a low-dielectric constant material between the conductors, and dummy vias in 
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contact with theconductors, wherein heat from the metal.leads is t^ to the dummy vias. and where the dummy 
vias are capable of conducting away the heat from the conductors^.'V";/, ^v. 

An advantage of the invention is improved reliability of conductors for circuits using low-dielectric constant materials. 
The invention is particularly beneficial to semiconductors havirig^a combinatiomof conductors with high aspect ratios 
5 and low-dielectric constant materials which are more thermally insulating. ,. - 

Brief Description of the Drawings 

In the drawings, which form an integral part of the specification and are to be read in conjunction therewith, and in 
10 which like numerals and symbols, are employed to designate similar components in various views unless otherwise 
indicated: 

Figures 1 A-1C are three-dimensional views of a metal lead of ;a semiconductor wafer/showing the negative effects 
of Joule's heat; •* . ■ . ' J 

is Figures 2A-2D and 3A-3C are cross-sectional eleyationaLviews of. a .first embodiment of the present invention, 
showing dummy vias formed- in contact with metal [eads pn-a^semicohductor wafer to thereby avoid the negative 
effects of Joule's heat as depicted in Figure 1 ; , •-;;• ^ :U ..■ ■.>. • 
Figure 4 is a perspective* view: of a f ^embodiment of;the,^ illustrated in Figure 3B; 

Figure 5 is a cross-sectional elevational view of la second:.em^iment of the present invention, with dummy vias 

20 in contact with both the top and bottom of metal leads;! n ' . 

Figure 6 is a perspective view of the second embodimentrgeneraliy! illustrate^ in Figure 5; 
Figure 7 is a cross-sectional elevational view of a third embodiment of the present invention, showing dummy vias 
formed in contact with metal leads on a semiconductor wafer; where the dummy vias are also in contact with dummy 
leads in another metal layer; - - . . : ■--'..'/ 

25 Figure 8 is a cross-sectional elevational view of a fourth embodiment,- in which the vertical heat conduction path 
extends throughout the entire wafer; 

Figure 9 is a cross-sectional elevational view of a fifth embodiment, which shows the use of a thermoconductive 
insulating layer; and . . ■-■ < * . 

Figures 10A-10D and 11 A-tl.C are cross-sectional elevational views of a sixth embodiment. 

Detailed Description of Preferred Embodiments ' • •: - ; .- ■ . v .^v. 

The making and use of the presently preferred embodiments'.'^ However, it should be 

appreciated that the present invention provides many, applicable inventive concepts which can be embodied in a wide 
j5 variety of specific contents. The specific embodiments discu.ssed jare' merely- illustrative of specif ways to make and 
use the invention, and do not delimit the. scope of the inve,nJioru$;^ ■■ *■ .": \" 

The following is a description of several embodimehts':bf ^ manufacturing methods. 

Corresponding numerals and symbols.in the different.f jguresvrefer;to : coixespondingj parts unless otherwise indicated 
The text below provides an overview of the elements -of. the' embc^imehts-ahd the 

40 : '. - "■ ' ■'! ^'\.:^^u':y:'l.<i'* ?' - 

Drawing Element 110, Semiconductor wafer. is the generic 'termy.*;; , '*> 

Drawing Element 112, Silicon (Substrate), may be other-metal interconnect layers or semiconductor elements, 
(e.g., transistors, diodes); oxides; compound semiconductors (e.g., GaAs, JnR Si/Ge. SiC). 
Drawing Element 114, Titanium trilayer (TiN/AICu/TiN) (First metal interconnect portion of metal leads) is defined 
45 as Al, Cu, Mo, W, Ti, Si or alloys thereof; Polysilicon, silicides, nitrides, carbides; AlCu alloy with Ti or TiN underlayers; 
Metal interconnect layer. 

Drawing Element 116, OSOG (organic spin : on glass) (Low-dielectric constant material) is defined as an ait gap 

(also inert gases, vacuum);, silica aerogel; other aerogels or/xerogels; fluorinated silicon oxide. 

Drawing Element 1 18, TEOS (tetraetho-xysilane) silicon dioxide (Insulating layer) is defeined as S\0 2 : an insulating 

so layer, typically an oxide and preferably having a thickness ies&.than the height of .metal leads 1 1 4. 

Drawing Element 119, Channels are holes in insulating layenl i$ where dummy vias, 122 will be formed 
Drawing Element 120,. Tungsten (metal layer). js defined as-Titanium trijayer (TiN/AICu/TiN); Cu. Mo. Al. Ti. Si or 
alloys thereof; Polysilicon, silicides, nitrides, carbides; Adpu ^lloy.withTi or TiN underlayers. 
Drawing Element 122, Tungsten (Metal layer portion ptdummy vias) is'defined as Titanium trilayer (TiN/AICu/TiN); 

55 Cu, Mo, Al, Ti, Si or alloys thereof; Polysilicon, silicides; nltrjd^s, c^itiidesrAICu alloy^with Ti or TiN underlayers. 

Drawing Element 124, Aluminium alloy. (Second metaling metal leads) is defined as 

Titanium trilayer. (TiN/AICu/TiN pr> TjN/AICu/W);£u,.- Mo.*W.; T|;\^ijpr >allb/s. thereof; . Polysilicon, silicides, nitrides, 
carbides; AlCu alloy with.Ti or TiN underlayers; Mjetaj^nteirlwnn^jayer ■ 
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Drawing Element 1 26, Aluminum alloy (Second Interconnect Portion of Dummy leads) is defined as Titanium ti ilayei 
(TiN/AICu/TiN); Cu. Mo, W, Ti, Si or alloys thereof; Polysilicon, silicides, nitrides, carbides; AlCu alloy with Ti or TiN 
underlayers; Metal interconnect layer. 

Drawing Element 128, AIN (Thermo-conductive insulating layer) Thermo-conductive insulating layer is defined as 
s Si 3 N 4 ; both AIN and &3N4 (e.g. , bilayer or trilayer of Si 3 N 4 /AIN/Si3N4); Insulative material with a thermal conductivity 

20% larger than the thermal conductivity of low-dielectric constant material 116 and preferably 20% larger than 
SiO L ,; annealed S\0 2 

Drawing Element 1 30, Ti (First barrier portion of metal leads) is defined as TiN or other Ti alloy; Ti/TiN bilayer; Cu, 

Mo. W, At, Si or alloys thereof. - , ; /v ........ 

to Drawing Element 1 32, TEOS (tetraethorxysilane) silicon dioxide (thin'insulating layer) is defined as other insulative 
material. • . :. . 1 

Drawing Element 134 Yi, (Second barrier portion of dummy vias' or functional metal leads) is defined as bilayer of 
Ti/TiN; TiN or other Ti alloy; Cu. Mo, W, Al, Si or alloys; thereof >X j : / . - * v ■■• 

is An apparently heretofore-unrecognized problem in semiconductor circuits; .especially circuits having high aspect 
ratio conductors with low-dielectric constant material between, conductors/fs that the decreased thermal conductivity of 
low-dielectric constant materials may result in metal lead breakage due to the effects of Joule's heat. Generally, as the 
dielectric constant of a material decreases, the conductivity of the material is also decreased. Since all metals have a 
certain amount of electrical resistance, metal leads with current therethrough experience heat production proportional 

20 to I^R (Joule's law). Such heat through a metal lead is known as Joule's heat. The Joule's heat will raise the metal lead s 
temperature if the heat is conducted away therefrom at a slower rate than it is produced. ■ 

As a metal lead heats locally in one portion along it, the resistance in that portion rises slightly (due to properties 
of the metal); causing the temperature in that portion to rise even more (although slightly). The higher temperature can 
increase lead resistance and still further increase the local heating. Thus, locally heated metal leads can be damaged 

25 or fractured. The thinner the metal lead, the weaker it is (which is particularly a concern in submicron circuits). The use 
of low-dielectric constant materials as insulative layers further presents a problem, .for such materials generally have 
poor thei moconductivity. With the use of most low-dielectric constant materials, much more of the Joule's heat generated 
in metal leads of a circuit remains concentrated in the lead itself. 

The effect of Joule's heat on a portion 1 1 4 of a metal lead is shownTn;Figures 1 A-1 C. Figure 1 A shows a perspective 

30 view of metal lead of a semiconductor wafer (other portions lof the wafer are not^shown). The cross-section of the lead 
is typically rectangular- shaped, with the height being greater tharijhelWidth^a.Wgh aspect ratio), because of scale-down. 
The metal lead has been scaled down in the lateral direction,; butscale^own in thevertical direction is limited by electrical 
conductivity requirements of the circuit. When current f lows 'through metal lead; 4he metal -lead is heated. In reality, a 
metal lead has thin and fragile portions/ causing ■urieveri lead profile^ cannot be avoided because 

35 photolithography and etching processes of metal leads are not Ideal? ElectromigratibnVintensif ied by Joule's heat, causes 
the metal lead to first weaken, and then thin. Thin and fragile pqrtioWof 'the- metal lead become thinner and thinner as 
current is cycled through the metal lead (Figure 1B); and etectromigrationis even further intensified in this portion. 
Eventually such leads can break, as shown in Figure 1C. resulting in device failures. ■ 

The present invention improves reliability of metal leads in structures using low -dielectric constant materials by using 

40 dummy vias in contact with metal leads to improve the thermal conductivity of the structure. Figure 2A shows a cross- 
sectional view of a semiconductor wafer 110 having metal leads 114+130 formed ■on" a* substrate 112. The substrate 
may. for example, contain transistors, diodes, and other semiconductor elements (not shown) as are well known in the 
art. The substrate 112 may also contain other metal interconnect layers/ and typically contains a top insulating oxide 
layer (to prevent leads from shorting to each other in subsequent metal layers). A first barrier layer is deposited over the 

45 substrate 112. The first barrier layer is preferably comprised of titanium; A first metal interconnect layer is deposited over 
the first barrier layer. The first metal interconnect layer is preferably comprised of a TiN/AICu/TiN trilayer, but may also 
comprise, for example, other aluminumalloy multilayers or. monolayers; The first metal interconnect layer and first barrier 
layer are etched with a predetermined pattern to form etch lines; or metal. leads 114+130 (Figure 2A). Each metal lead 
1 1 4+1 30 includes a first metal interconnect portion 114 and a first barrier portion 1 30. Some of the metal leads 1 1 4+1 30 

50 may be in close proximity to each other, for example/1 mm orUe^apart;:The-aspect ratio (height/width) of the metal 
leads is generally at least 1 .5,. but typically at least 2.0, and mb^^ ■ V 

Low-dielectric constant materiaM'16 is deposited- oyer t^ substrate 112 (Figure 2B). 

The low-dielectric constant material 116 is-preferaHy.cpmpris^ (organic ; spin-on glass), but may also be 

comprised of an aerogel, xerogel, or other low-dielectric constant materials wh dielectric constant of less 

55 than about 3.5, but preferably less than 3.0, and more preferably (essl'han 2.5:ThedS0G provides a dielectric constant 
of about 3.0, and is typically Spun on by a spin-coater and then cured for, half an hour to 2 hours at a temperature of 
400°C-450°C. The low-dielectric constant material 116 is then removed (e.g., with a timed etch) from at least the tops 
of metal leads 114+1 30 (Figure 2C). An insulating layer 1 1 8 (preferably TEOS silicon dioxide) is applied over the exposed 
tops of metal leads 114+130 and low-dielectric constant material 116. Next, the insulating layer 118 may be planarized. 
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if needed. The insulating layer 118 is patterned (for example. -a iesist, not shown, may be deposited, exposed, and 
removed) and etched to leave channels 1 19 where dummy vias-122+ 134 witl.tater.be formed (Figure 2D). Channels for 
functional vias (not shown) are preferably formed at the same.time the channels 1 1 9 for dummy vias 1 22+1 34 are formed. 
The channels 1 19 expose at least the tops of metal leads 114+1 30 through insulating layer 1 18. 

s Second barrier layer 134 may be deposited over the tops of metal leads 114+130 and insulating layer 118 (Figure 

3A). Second barrier layer 1 34 is preferably titanium but may also be a bilayer of Ti/TiNorother metal alloys. Metal layer 
120 is deposited over second barrier layer 134. The metal: layer 120 ispreferably tungsten and may be deposited with 
a CVD process, but other metal alloys.may. be used; The metaLlayer. 1 20 may then be removed from the second barrier 
layer 134, leaving in the channels. 1 19 portions 1 22 thereofrThus; dummy, vias -122+1 34. reside in the channels 119 in 

w contact with metal leads 114+130 (Figure 3B). Each dummy via<;Y22+134 includes.a metal layer portion 122 and a 
second barrier portion ! 34.. Since dummy vias 122+1 34 are comprised of metal; they are.exqellent thermal conductors. 
The metal-to-metal contact betweein the dummy vias .122+1.34 and the'm.etal leads-1 14+130 provides an excellent path 
for thermoconductioa.Xhe dummy vias 122+1 34. conduct -aw^ from, and prevent damage 

to, the metal leads 1 14+1 30 when the device is in operatirinV^ processing steps may then be performed, e.g. , 

15 further deposition and etching of semiconductor,- insti^^ subsequent processing step 

is shown in Figure 3C, where functional metal leads, 124+1^ ar^formed in a .second metal interconnect layer. The 
functional metal leads 124+134 are comprised of a second barrierportjon:1'34 and a second metal interconnect portion 
124. . ... . ..' h/i ->r - * . • 

A perspective view of the first embodiment is shown in Figure 4: Preferably,- a metal lead 114+1 30 will have several 

20 dummy vias 122+134 formed along its length. The more dummy vias 1.22+134 there are along the metal lead, the more 
Joule's heat is conducted away from the metal lead 1 14+130. For example, in a submicrori circuit, dummy vias 122+134 
formed every 4 mm along the length of a metal lead 1 .1 4+1 30 effectively conducts heat away from the metal lead 1 1 4+1 30. 

A second embodiment of the present invention is shown in a 'cross-sectional etevational view in Figure 5. In this 
embodiment, dummy vias 122+134 are formed in contact with both the tops and bottoms of metal leads 1 14. An advan- 

25 tage of the second embodiment is the ability to conduct away.more Joule's heat due to the increase of thermoconductive 
metal (provided by the dummy vias 122+134) in contact with metal. leads. 1 14. A perspective view of the second embod- 
iment is shown in Figure 6. Dummy vias 122+134 may also..be:foi med- only on the bottom of the metal leads 114. 
although preferably not on the first metal layer, to avoid damage to transistors and other devices on the underlying circuit. 
A third embodiment is shown in Figure 7. After the step shown, in Figure 3B, a second metal interconnect layer is 

so deposited. Dummy leads 1 26+1 34. are formed in th"^ with the dummy vias 

122+134. The dummy leads 126+134 are comprised; of *a,secdrid. barrier,; portion. 134 and a second metal interconnect 
portion 126. This structure provides more metar(from;,the^ leads 126+134) to 

conduct away more heat from the metal lead 114+130^J6uWs!r/e4^ leads 114+130 to dummy vias 

122+134 and through dummy vias -122+1 34 to dum^y\(e^ away from the metal 

:js leads 114+130 by both the ;dummy; vias 122+1 34; and '.dum'^ U.S. patent application 

08/250,983, filed on 5/31/94 by Numata and assigned to TeW«lo^rumentsv' where; dummy leads are formed proximate 
metal leads). Functional metal leads 124+134 may be formed atthe,same time dummy leads 126+134 are formed. The 
functional metal leads 1 24+1 34 are comprised of a second barrier portion 1 134 and a second metal interconnect portion 

124 ,; • 

40 A fourth embodiment is shown in Figure 8. Multiple layers of dummy, vias 1 22+1 34 and dummy leads 1 26 are formed 
in contact with both the tops and bottoms of metal lead 114+130, creating a vertical dummy metal path for Joule's heat 
conduction. (For clarity, first barrier portions 130 of metal leads and. second barrier portions 1 34 of dummy vias are not 
shown in Figure 8. Preferably, the sides and bottom of dummy vias contain second barrier portion 134). This vertical 
dummy metal path may extend throughout the entire semiconductor. wafer; and may terminate at the surface of the wafer 

45 to a contact pad which may be connected -to other rneansotheat conduction. .This .embodiment is especially useful as 
it can-be relatively easily added after thermal problems are uncovered during;-. e.g:,*preproduction testing. 

A fifth embodiment of the present invention is shown, in Figure; : 9. : After-- the step shown in Figure 2C of the first 
embodiment, thermoconductive. insulating layer 1 28,. comprised of AI.N /.for: example, is deposited over the tops of metal 
leads 114+130 and low dielectric constant material 116; vThb.th^rmoconductive insulating layer 128 is patterned and 

50 etched to leave channels. A second barrier layer is deposit^;Qyer-the tops of metal leads 1 1 4+1 30 and thermoconductive 
insulating layer 128.. A metal. layer is- deposited. ove^secdndjbar^ Figure 3A). The second 

barrier layer and metal layer-fill the channels to form;dumm^ in thermoconductive insulating layer 128, in 

contact with metal leads 114+1 30, ..shown in Figure ?: ; (Rete^ 08/251,822 fled on 5/31/94 by 

Numata for Improving Reliability of Metal Leads in High Spe^ CSI Semiconductors Using Thermoconductive Dielectric 

55 Layer). Joule's heat from metal leads 114+130 is transferred, tbjdummy vias 122+134 and then to thermoconductive 
insulating layer 128, improving the thermoconductivity of the structure, and thus' improving the reliability of the metal 
leads. Subsequent processing steps as described in other embodiments may. then be performed. 

A sixth embodiment is shown in Figures 10A-10D and 11 A-11C. In this embodiment, first barrier layer 130a, e.g., 
comprised of titanium, is deposited over the substrate 112 (Figure 1 0A). A first metalinterconnect layer 1 14a is deposited 
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over the first barrier layer 130a. Preferably, the first metal interconnect layer 114a is comprised of a trilayer of 
TiN/AICu/TiN. The trilayer is formed by first depositing titanium nitride over the first barrier layer using a CVD (chemical 
vapor deposition) process. Second. AlCu is deposited on the titanium nitride using a sputter process; and third, titanium 
nitride is deposited over the AlCu with a CVD process;- ' ■' • • ■ 'jv /, : * • ■•• ■ 

5 Next, metal leads 114+130 are formed by selective remoyaPpf portionsof.the first metal interconnect layer 114a 

and the first barrier layer 1 30a (as shown in phantom), leaving, portions oMhp substrate 11 2 exposed (Figure 1 0A). Each 
metal lead 114+1 30 includes a first metal interconnect portion, 1.14 and a first barrier portion 1 30-. A thin insulating layer 
132, for example, TEOS silicon dioxide.: is deposited- over metal;le;ads^ portions of the substrate 

1 1 2 (Figure 10B). Low-dielectric constant material 1 1 6, preferabi over the thin insu- 

w lating layer 1 32 (Figure 1 0C) and may be planarized.\ insujatinglaye^ dioxide, is deposited 

over low-dielectric constant material .116. insulating layer 1 18, Ipw^ielectr'^ 116 and thin insulating 

layer 132 are patterned and etched to form channels 11 9' where dummy:- ,vias*122+134 will be formed (Figure 10D). 
Second barrier layer 1 34 (preferably a bilayer of Ti/TiN. where ihe'Ti is clepG^ited first) is deposited over insulating layer 
118, the tops of metal leads 114+130 and the exposed portions of Wdielectric constant material 116 (Figure 11 A). 

?5 Metal layer 1 20 is deposited over second barrier layer 1 34 (Figure 1 1 B). Metal layer 1 20 fills channels 1 1 9 to form dummy 
vias 122+134. A top portion of metal layer 120 is removed, exposing portions of second barrier layer 134 residing on 
top of insulating layer 118. and forming dummy vias 122+134 (Figure 11 C). Each dummy via r i22+1 34 includes a metal 
layer portion 122 and a second barrier portion 134. Portions of second barrier layer 134 residing on top of insulating 
layer 1 18 are left intact until the next metal interconnect layer is deposited, so that the second barrier layer 1 34 acts as 

20 a thin metal barrier for both the dummy vias 1 22+1 34 as well as subsequently-formed .functional metal leads 1 24+1 34 
(for example, as shown in Figure 7). ..-•■'?...* 

An advantage of dummy vias 122+134 is their ability to create a vertical- path of heat conduction in a semiconductor 
circuit. This is beneficial to scaled -down circuits where real estatein the horizontal direction is scarce. 

An advantage of the present invention over using pnly. dummy leads^as-in.U.S. paterit application 08/250.983 by 

25 Numata) is that In some circuits, there may not be room to form dummy'leads proximate to metal leads. Also, the dummy 
leads, although proximate the metal leads, have a dielectric material residing between ithe dummy leads and the metal 
leads: thus, dummy vias, which have a metal-to^metal contact to 'tjie^metaj;leads,\are superior in conducting away the 
Joule's heat from the metal leads... :; ; ;^Vy^ ; ;.//-v;^ [■•'•'• 

An advantage of the present invention-over usihg .only a thermpconduct^ insulating layer to conduct away some 

30 of the Joule's heat (as in U.S. patent application. 08/251 ,822 by;Numa^ are required to 

produce the dummy vias 122+134: Typically, functional vias are-made b'e^een metal layers of an integrated circuit, and 
the dummy vias can be formed when the functional vias are f6rm^.^^;^■-:^^ , '' 

The present invention can also be used on semiconductors using othehlowTdielectric constant materials, such as 
air gaps, aerogels, xerogels. or f luorinated silicon, oxide, for example.. To 1 reduce capacitive coupling between adjacent 

35 leads, low-dielectric constant materials are being investigated, such as pure polymers (e.g.-, parylene. teflon, polyimide) 
or organic spin-on glass (OSOG, e.g.. silsequioxane or siloxane glass). Refer-to U.S. Patent No. 4.987,101 issued to 
Kaanta etal on Jan. 22, 1991 which describes a method for fabricating gas (air) dielectrics; and U.S. Patent No. 5,103.288 
issued to Sakamoto on Apr. 7. 1992 which describes a multilayered wiring structure which decreases capacitance by 
using a porous dielectric. 

40 The novel structure and method involving the use of dummy vias 1 22+1 34 to conduct away Joule's heat from metal 
leads is particularly beneficial to very compact circuits having no room for dummy leads in the same metal interconnect, 
or in adjacent metal interconnect layers. The present invention :is also beneficial tosemiconductors having submicron 
spacing and using low-dielectric constant materials; The dummy . vias"1.?2+1 34; conduct away/a portion of the Joule s 
heat generated in the metal leads, enhancing reliability of metal jeadSiThe invention is particularly beneficial to semi- 

45 conductors having a combination of metal leads with -high aspect ratips (e g^ constant 
materials (especially having a I ow<li electric constant of less than ^ which^are m 

While the invention has been described with reference. to illustrative e^ description is not intended 

to be construed in a limiting sense. VaVious modifications and cpmbinatipris;pf the illustrative embodiments, as well as 
other embodiments of the invention,, will be apparent to persons ski 1 1 ed : in; the, art u pbh r ef e r en c e to the description. It is 

so therefore intended that the appended claims encompass any such.modif icatiohs prembpdiments. For example, although 
the effects of materials having dielectric constants of about 2. 5. and concomitant' low thermal conductivity's are amelio- 
rated by the present invention, the dummy vias 122+134 hereof are obviously useful to counteract the effects of any 
inter-lead dielectric material, the use of which may result in heat damage to the leads due to its low thermoconductivity. 

55 Claims - - ; . . 

1 . A method for forming conductors on a semiconductor device, comprising: 
forming a conductor on a substrate; . . .. .. 

depositing a low-dielectric constant material over the conductor; and 
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forming a dummy via in contact with said conductor, wherein heat from said conductor is transferable to said 
dummy via and conducted away from said conductor. 

2. The method of Claim 1 , further comprising depositing a low-dielectric constant material having a dielectric constant 
of less than about 3.5.. 

3. The method of Claims 1 - 2 , further comprising forming the dummy via prior to said conductor. 

4. The method of Claims 1 - 3, further comprising forming a conductor having an aspect ratio greater than 1 .5. 

5. The method of Claims 1- 4; further comprising depositing! an insulating layer over at least said low -dielectric constant 
material, wherein said dummy via is formed in said insulatinglayer, :' 

6. The method of Claim 5. further comprising depositing the insulating layer. such that said layer has a conductivity 
greatei than the conductivity of said low-dielectric constant matki^i.' ; - 

7. The method of Claims 1 - 6, further comprising forming a dummy conductor contact with said dummy via.. 

8. The method of Claims 1 - 7, further comprising: 

depositing an interconnect layer on a substrate; 1 

etching said interconnect layer in a predetermined pattern to form the conductor. 

9. The method of Claims 1 - 8, further comprising: 

etching said insulating layer to leave a channel in said insulating layer abutting a surface of said conductor; and 
depositing a conductive layer over said insulating layer to fill said channel to form a dummy via in contact 
with said surface of said conductors. 

10. The method of Claims 1 - 9. further comprising forming a plurality of conductors. 

1 1 . The method of Claims 1-10, further coniprising forrpirig a plurality of dummy vias. ..' 

12. A semiconductor device, comprising: ': ,< **^%;;;'!\*;-^ ■' f, : '><,/<.. 

at conductor formed on a substrate; 1,1 . > » ; j^-ti'/i !\\ ; v ; : ' 

a low-dielectric constant material.depositdd over said conductor; and 

a dummy via in contact with said conductor, whereiri;h'eat from said conductor is transferable to said dummy 
via, and said dummy via is capable of conducting away said heat 'from said conductor. 

13. The semiconductor device of Claim 12, further comprising a dummy conductor in contact with said dummy via. 
wherein said dummy conductor is capable of conducting away said heat from said conductor. 

14. The semiconductor device of Claims 12-13, further comprising an insulating layer in contact with at least said low- 
dielectric constant material,, wherein said dummy via is formed within said insulating layer. 

15. The semiconductor device of Claims 12 - .14, wherein said insulating layer is comprised of a thermoconductive 
material comprising AIN,.Si3N 4 , or both. ■ V : r , / , 
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(54) Improvements in and relating to semiconductor devices 

(57) A semiconductor device (and method of manu- 
facturing thereof) having metal leads (114+130) with", ' ; ' 
improved reliability, comprising metal leads (114+130) v' s •: 
on a substrate 112, a low-dielectric constant material ' ' 
(116) at least between the metal leads (114+130)! ahd ! ' : 
dummy vias (122+134) in contact with the metal leads 
(114+130). Heat from the metal leads (114+130) is 
transferable to the dummy vias (122+134), and the 
dummy vias (122+134) are capable of conducting away 
the heat. The low-dielectric constant material (1 1 6) may 
have a dielectric constant of less than about 3.5. An 
advantage of the invention is to improve reliability of 
metal leads in circuits using low -dielectric constant 
materials, especially in scaled-down circuits that are 
compact in the horizontal direction. 
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